Abstract
Introduction
One of the principal indicators of quality of life and health for a given community is the infant mortality rate (IMR), which is highly sensitive for measuring social well-being and is directly related to the population's environmental and socioeconomic conditions 1, 2 . IMR measures the risk of a newborn dying during the first year of life 3 .
Infant mortality has undergone a continuous decline in recent years, but at different rates according to country. While the IMR is low in developed countries like Japan (4.0 per 1,000 live births in 1995) 4 , the current levels in developing countries like Brazil are higher than those in developed countries in the 1960s (Brazil's IMR in 2000 was 27.1) 5 .
Meanwhile, the decline in Brazil's IMR has been rather tenuous as compared to developing countries with similar socioeconomic characteristics, and regional disparities between different population groups have actually increased 6, 7, 8, 9, 10 . The difference in infant mortality between the South and Northeast of Brazil, which was 40% in the 1930s, increased to 140% by the late 1970s and 300% by the late 1990s 9 .
The Federal District, where the national capital is located, has shown a downward trend in IMR to levels similar to those in various States of the country, from 41.0 per 1,000 live births in 1980 to 23.8 in 1989 11 .
Cad. Saúde Pública, Rio de Janeiro, 23(4):767-774, abr, 2007
The present study aimed to characterize infant mortality trends in the Federal District from 1990 to 2000, analyzing differences in overall IMR and component rates with regard to family socioeconomic status in the administrative areas comprising the Federal District.
Methods
The Federal District is located in the Central West region of Brazil and has an area of 5,789 km², currently divided into 19 administrative areas. According to the 2000 census, the Federal District had 2,051,000 inhabitants, approximately 2% infants (< 1 year of age) 12, 13 .
In 1998, the Federal District ranked first, ahead of all the States in Brazil, in the human development index (HDI). The United Nations recommends the HDI as an overall indicator of human development based on income, education, and life expectancy 14 .
The Federal District HDI was 0.869 in 1998, indicating a high degree of human development, higher than the overall index for Brazil in 2000 (0.757), when the country ranked 73 rd worldwide 10, 14 .
An ecological time-series study was conducted, based on data from the Mortality Information System and Live Births Information System coordinated by the Brazilian Ministry of Health 15 . The quality of Federal District mortality data is considered adequate 16, 17 . The infant mortality rate has been calculated directly since 1999, although the data quality had been proven even earlier.
The study population consisted of all recorded deaths of infants (< 1 year of age) in the Federal District from 1990 to 2000. The study adopted the definitions of infant mortality and the component rates as proposed by the World Health Organization (WHO) and Brazilian Ministry of Health 18 .
Since there was a marked change in the composition of the administrative areas in the Federal District from 1990 to 1995, it was not possible to stratify by administrative area before 1995. The first study of the decentralized Federal District based on administrative areas was performed in 1996, when separate data had become available for the currently existing administrative areas under the Federal District's spatial apportionment.
To determine the development of spatial differences in infant mortality in the Federal District, the administrative areas were aggregated in 5 groups as of 1996, according to mean family income as suggested by the Committee for the Development of the Central Plateau (CODEPLAN) 19 and described in Table 1 . Data on family income were obtained by CODEPLAN through the Federal District Socioeconomic Family Survey, using a probabilistic sample. The regions formed by the 5 groups of administrative areas do not always form areas with common borders.
The 1990-2000 trends in IMR and component rates by age for the five groups of administrative areas and the entire Federal District were analyzed with an exponential regression model, which was both well-adapted to the data and statistically powerful 20 .
Besides the mean annual decline (%), the determination coefficient (R 2 ) was also analyzed, with an α of less than 0.05 considered significant. To analyze the relationship between income spatial groups, the infant mortality rates ratio was obtained, using the mortality rate for the highest family income group as the reference.
Results
The IMR has declined consistently in the Federal District in recent years. From 1990 to 2000 there was a 45.2% decline in IMR, from 26.3 to 14.4 per 1,000 live births. As shown in Table 1 , the mean annual decrease was 5.34%. The exponential IMR reduction was 0.0533 per year during that period, showing a representative decline and maintaining the trend from the previous decade (Table 2 and Figure 1 ).
Of the recorded infant deaths, the highest proportion occurred during the neonatal period, but the largest decline was post-neonatal. The post-neonatal mortality rate in 1990 was 10.5 per 1,000 live births, dropping to 4.3 in 2000, or a decrease of 59% and a mean annual drop of 7.8%. The exponential trend was -0.0437 per year (R 2 = 0.852; p < 0.001).
During the period studied, the 35.1% change in the neonatal mortality rate was due to a 41.5% drop in early neonatal mortality, since late neonatal mortality did not change (R 2 = 0.0046, p = 0.8). The mean annual decrease in the neonatal mortality rate was 3.85%, as compared to 4.76% in the early neonatal mortality rate.
Infant mortality provides evidence of key socioeconomic differences among the various administrative areas in the Federal District, although these differences in the IMR and component rates have been decreasing over the years (Tables 3 and 4) .
The infant mortality trend in Group 1, with the highest income in the Federal District, showed an increase in IMR and component rates from 1996 to 2000, with the exception of early neonatal mortality, which declined by 5.4%, or 1.14% per year. However, only the positive changes in late neonatal mortality (p = 0.002) and IMR (p = 0.02) were significant. Meanwhile, in 1996 Group 1 had the lowest IMR, compared to the other 4 groups (Table 4 ). In 2000, its IMR was only higher than that of Group 2 (11%), which included the second highest-income areas, next to Group 1. In Group 2, every component of infant mortality declined, but the difference in the postneonatal mortality rate was not statistically significant (p > 0.05).
Group 3 showed the same infant mortality trend as in Group 1, but to a lesser degree and not statistically significant (p > 0.05), indicating stagnation in the rates during the 5-year period. Still, the gap between mortality rates in Groups 1 and 3 decreased: in 1996, the IMR in Group 3 had been 84% higher than in Group 1, but by 2000 the difference was only 17%.
The IMR in the other income groups underwent a statistically significant decrease (p < 0.05). However, when the infant mortality components were analyzed separately in Groups 4 and 5, although there was some percentage change in all of them, a significant reduction only occurred in early neonatal mortality in Group 4 (p = 0.02).
Based on data in Table 3 , the largest reduction in IMR and the component rates was in Group 2, followed by Group 5, the latter having the lowest income in the Federal District. Unlike the other groups, 2 and 5 showed the greatest drop in IMR, with -45.1% and -30.4%, respectively, in the late neonatal component (p > 0.05).
Despite the increase in IMR in Groups 1 and 3 from 1996 to 2000, the highest IMR in the Federal District was in the lowest income group (number 5). However, the difference between Group 5 and that with the lowest IMR decreased during the period studied (155% in 1996, but only 18% by 2000).
As for the infant mortality components, the largest decline in neonatal mortality was in Group 2 (p = 0.004), which had the lowest neonatal mortality rate in the Federal District in 2000 (7.1/1,000 live births). The greatest reductions in the post-neonatal mortality rate were in Groups 4 (p = 0.02) and 2 (p > 0.05), and the greatest increase was in Group 1 (131.5%), although not significant (p > 0.05). Group 1 thus had the lowest post-neonatal mortality rate in the Federal District in 2000 (3.1 per 1,000 live births).
Discussion
The infant mortality rate reflects a population's living conditions, nutrition, and health, as well as aspects related to the social responsibility of a given society and its government, since it indicates the odds of infant survival 21 . Due to the effectiveness of measures to decrease the IMR (specific actions in health and education), infant mortality has been treated as a priority health problem in developed countries as well, where very low IMR levels have been reached.
Income is one of the most widely used measurements of socioeconomic status with a direct impact on infant mortality 22 . In Andrade et al. 22 , where income and schooling were chosen as indicators to detect inequalities in perinatal mortality, income was the variable that most explained IMR inequalities. This is one reason why the current study used this variable, while recognizing that different realities can be obtained, depending on the variables selected to measure living conditions 23 .
There was a real and consistent decline in infant mortality in the Federal District, currently showing among the lowest infant mortality, neonatal mortality, and post-neonatal mortality rates in Brazil 18 . In the 1990s, the mean annual decline in the Federal District was the same as for the previous decade (5.3%) 11 , but there was no apparent increase in this downward trend in the IMR. None of the States of Brazil with low IMR showed a mean annual decline close to that of the Federal District, with the greatest drop (5.27%) occurring in the city of Belo Horizonte; however infant mortality in this city was higher than in the Federal District (22.1 in 1998) 24 .
Meanwhile, the overall trend was not observed in all administrative areas of the Federal District. The results for Group 1, consisting of the most highly developed administrative areas, was unexpected, as was the convergence of rates (among groups of administrative areas) towards values close to 15.0 per 1,000 live births. This may have resulted from the saturation of effects of some environmental interventions and various previously achieved benefits 21 . Goldani et al. 25 observed a similar situation (in an economically better-off group) in a city in São Paulo State.
From 1990 to 2000, the Federal District experienced changes in both its geographic structure and demographic make-up. The population increased by 21.6%, largely due to migration to the National capital. New administrative areas (also known as "satellite cities") emerged from the reapportionment of existing areas and the formation of new ones to absorb the rapid population growth. Meanwhile, there was no significant improvement in factors determining the quality of life, like income, housing, and education, and there was a lack of proportional growth in available health services; for example, from 1995 to 1999 the number of hospital beds decreased by 13.7% 12 .
The largest proportion of infant deaths occurred during the neonatal period, a global trend accompanying the reduction in the IMR. The same trend had already been seen in the previous decade in the Federal District 11 and elsewhere in Brazil and Latin America 26, 27 .
Particularly noteworthy was the stagnation in the overall late neonatal mortality rate in the Federal District, due to the increase in some areas, indicating the need to adopt specific measures to directly impact this rate, such as interventions in maternal health conditions like nutritional and socioeconomic status, as well as improved prenatal, childbirth, and neonatal care 18, 26 .
Another possible explanation for the persistent late neonatal mortality rate is that neonatal intensive care and health technology can prolong the newborn's life, even in the face of decreased odds for longer-term survival 28 .
Although maintaining the same rate of decline as in the previous decade, a decrease in the infant mortality rates was observed in various groups in the Federal District, which could be explained by the expanded coverage of specific health services such as immunization 12 and the promotion of breastfeeding 28 and extension of overall health services 13 . However, there were no substantially positive changes in the social structure. Such changes should be prioritized, with resource allocation, political determination, and social responsibility, aimed at effective interventions in both neonatal and post-neonatal mortality and an emphasis on perinatal problems related to maternal and infant health.
The downward trend in the IMR in the Federal District from 1990 to 2000 was similar to that in the 1980s 11 . However, when the rate was analyzed based on the five groups comprising the 19 administrative areas, key differences were identified, related to socioeconomic status and living conditions. In Groups 1 and 3 the IMR increased, while other groups showed a decrease, with the largest percentage change in Groups 2 and 5. The latter includes the "satellite cities" with the lowest mean family income and worst living conditions and is thus a top priority for interventions to effectively reduce infant mortality.
The data presented in this study showed an unexpected result when the 5 groups of administrative areas comprising the Federal District were analyzed. Despite evidence of the overall good quality of death records in the Federal District, incorrect information on place of residence can occur and lead to overestimation of mortality, especially in higher-income areas. Group 1 also includes a poor area that could tend to increase the number of deaths recorded there. However, this evidence does not rule out the importance of socioeconomic variables, because although there was a reduction in the differences in IMR among the 5 groups of administrative areas, the highest IMR was in the group of administrative areas with the lowest income and vice versa (the lowest IMR in the highest income areas). An in-depth causal investigation is thus necessary.
According to a study by Sena 29 on breastfeeding prevalence in the Federal District, from 1994 and 1999 there was an increase in exclusive breastfeeding in all income groups, with the exception of Group 1 (with a decrease of 9.3%). The largest increase in average duration of exclusive breastfeeding was in Groups 2 (36.3%) and 5 (103%), and the latter had a longer mean duration of exclusive breastfeeding than Group 1.
Therefore, more effective measures to improve living and health conditions in these population groups are needed to avoid IMR stagnation at persistently high levels.
The current study thus helps elucidate infant mortality trends in the Federal District, an area of Brazil with some of the greatest social inequalities, combining migrants from poorly developed areas of the country and others with some of its highest per capita income. The results indicate the need for in-depth study of the various biosocial and economic variables affecting infant mortality, in order to plan and implement action strategies with real impact on the rates observed in the Federal District. 
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